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Abstract 


The difficulty of usual approach to radiation reaction is pointed out , and a possible approach, based 
on the force acting to the charged particle which produces the acceleration itself, is presented. This 
approach brings about an expression such that acceleration is zero whenever the external force is 
zero. 
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1 Introduction 


Radiation of electromagnetic waves due to the acceleration of charged particles is a very well known 
classical phenomenon predicted and explained by Maxwell’s equations [1,2], and this phenomenon 
has been used for practical proposes World wide [3,4,5,6]. This radiation, of course, implies dissi¬ 
pation of energy and damping motion of the charged particle, and the known modification to the 
equation of motion to take into account this damping effect are the so called Abraham-Lorentz (non 
relativistic case [7,8]) and Lorentz-Dirac (relativistic case [9]) equations. These equations have the 
particularity that even if the external force (responsible of the acceleration of the charged particle) 
is zero, an acceleration of the particle still exists. On the other hand, one main experimental fact 
needed to take into account is that this this radiation of electromagnetic waves due to acceleration 
of charges disappears as soon as the acceleration disappears, and this acceleration disappears as 
soon the external force is zero. This implies that radiation force (damping force associated to emis¬ 
sion of electromagnetic waves) must be a function of this external force. From this point of view, 
Abraham-Lorentz-Dirac formulation of radiation damping is not totally satisfactory [10,11,12] since 
one still have solutions of their equations with acceleration of the charge particle, even if the total 
external force is zero. In this paper, one considers a different point of view of this radiation force 
and arrives to an expression that takes into account the experimental fact, and it might worth to 
study it. In this paper, one considers linear radiation firstly, and circular radiation secondly. 


Linear radiation force 


As it is well know, the total power radiated in a linear acceleration motion of a charged particle 
with charge ”e” as a function of the external force; F with magnitude F. is (CGS units) 


P = 


2 e 2 F 2 

3 m 2 c 3 * * * * 


(1) 


where ”c” is the speed of light (c ~ 3 x 10 8 m/s ) and m is the mass of the charge. This means that 
the energy lost by the charged particle from the time t = 0 (time at which the external force in on) 
to the time t is 

2e 2 ' 


U = 


s 


F 2 dt . 


( 2 ) 


3m 2 c 3 J o 

Assume that this energy lost is due to a non conservative radiation force, F ra d, and that the charged 

particle travels from the point xo,at the time t = 0, to the point x, at the time t. Then one gets 
that 


U = A 0 / F z dt = 
where one has made the definition 


, f F 2 dt = r 

JO ix o 


rad 


dx , 


Aq — 


2e- 


(3a) 


(3b) 


3 m 2 c 3 

Since one has that dx = vdt, where v represents the velocity of the charged particle, one obtains 

f't 


f (XoF 2 — F rad ■ v)dt = 0 , 
Jo 


(4) 
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for any time interval [0, f] C 3?. This means that the integrand must be zero, and being 6 r the angle 
between the the velocity of the charged particle and the radiation force (F ra d • v = F ra dV cos 0 r ), 
one has the magnitude of the radiation force given by 


Frad 


Ao f 2 

V COS Or 


(5) 


This force must be responsible of the damping motion of charge motion. Therefore, its direction 
must be opposite to the direction of the velocity of the charge. Thus, one must have that 6 r = n, 
and ,if n = v/v is the unitary vector in the direction of the velocity of the charge, one also must 
have that 


or 


„ - Aoi?2 - 
*?rad ^ 


- Aoi?2 

F rad — 9 V. 


( 6 ) 

(7) 


Then, the modified equation of motion of the charged particle under an external force F and damping 
radiation force F ra d is 


d{m~/v) A 0 .F 2 

— -T--—V. 


( 8 ) 


For a charged particle moving in the z-direction, v = (0,0,u), and having an external force also in 
the same direction, F = (0, 0,F), equation (fTUl) is reduced to the following Newton like equation of 
motion 


d(mv ) 
dt 


= F 1- 


An F 


^3/2 


(9) 


For example, if the force is constant, equation ([9]) can be solved, and its solution can be written as 

Ft 


HP, F) - HPo, F) + 9(P, F) - g(Po, F) = 


me 


( 10 ) 


where (3 and /?o have been defined as /3 = v/c and {3o = vq/c, with v$ indicating the initial condition 
of motion. The functions / and g have been defined as 


f(P,F) = - L 


H 

;m)-] 

/ A„F\ 2A 0 F 


- (■'“/)’] 

Vi-P 2 


(11a) 


and 


9(P,F) = — 


A oF/c 


1 - 


A 0 F 


3/2 


In 


(i ( 7£) 2 


P- 


A 0 F 


For the non relativistic limit, j3 <C 1, one gets from f|10p the following expression 


(11 


3) 


P — A) + 


Ap F In r p - Ap F/c 
c [Po- A 0 F/c 


Ft 

me 


( 12 ) 
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From the expressions (fTUl) or (1X2)1 one can sees that for F = 0, one gets j3 = /3 q, that is, there is not 
acceleration of any kind. Therefore, there is not radiation, and the charged particle will travel at 
constant velocity. For the non relativistic case, Figure 1 shows the difference between non radiation 
motion, j3 0 = /3q + Ft/me, and the expression ( 1121 ) . This difference increases rapidly and reaches 
an asymptotic behavior (the particle loses energy with time (f 2 j) . but the external force feeds energy 
with time). 


3 Circular radiation force 


In this case, the total power emitted by the charged particle in terms of the magnitude of the 
external force is 


P = 


2e 2 F 2 
3m 2 c 3 y 2 ’ 


(13) 


where 7 = (1 — /3 2 ) x / 2 , and the total energy emitted in the interval of time [o, t] C 3? is 


U = A 0 


ft F 2 

/ —~dtt 
Jo 7 



(14) 


where one has made the assumption that this energy is due to the work done by a radiation force 
to move the charge particle from the initial point xo at the time t = 0 , to the point x at the time 
t. Therefore, using the relation dx = vdt as before, one gets (using the same arguments) that the 
magnitude of the radiation force is 


Ffnd 


Aq F 2 
vy cos 6 r ’ 


(15) 


where 6 r is the angle between the velocity of the charged particle, v, and the radiation force, F ra d- 
Once again, since the direction of the radiation force must be opposite to the velocity of the charged 
particle, one must have that 9 r = n, and the radiation force must be in the direction n = v/v. 
Thus, the radiation force can be written as 


_ 7o^%. 

rad — 9 9 v - 


(16) 


In this way, the relativistic equation of motion of the charged particle with rest mass m and external 
force F is 


dj'ymv) A 0 F 2 

dt u 2 7 2 V 


(17) 


Now, since for circular motion one has that v • dv/dt = 0, this equation can be written as the 
following Newton like equation of motion 


d{mv) = f _ A 0 F 2 A 1 
dt \ u 2 7 2 ) 7 


(18) 


For example, assume one has a constant magnetic in the z-direction and the charge particle is 
moving on the x-y plane, v = (v x , v y , 0). Then the external force is 


F = 


eB 0 


(v y , —V x , 0 ), 


(19) 
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and (1181) can be written as the following dynamical system 


x = v x 

V = v y 

where one has a = eB^/mc. For Ao = 0 and non relativistic particle motion (7 ~ 1), one knows 
that the charge particle will describe a circular motion around the magnetic field with a frequency 
a and a radius R = v o/c (being vq the initial velocity of the charged particle on the plane). Figure 
2 shows the difference on the trajectories between non radiation force and with radiation force 
S x = \f ( Sx ) 2 + ( 5y ) 2 . As stronger the external force is, bigger is the difference, and the oscillations 
come from higher and lower acceleration of the charged particle. These maxima and minima are 
different for different external force due to radiation dissipation. 

4 Conclusions 

Under the condition that the radiation force must be a function of the external force and to be zero 
whenever the external force be zero, an expression for the radiation force was given for the linear 
and circular motion of a charged particle. 


v x = 


7 


A 0 F 2 . 

9 9 1 

mv 7 


Vy = ~ | - CTV X - 


Ao F 2 


mv* 7 


2„,2 u y l > 


( 20 a) 

( 20 b) 
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Figure 1: Radiation effect: (1) 
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Figure 2: Radiation effect: (1) F=lDina, (2) F=5 Dinas, (3) F=8 Dinas, a = 10 & Hz, Aq = 10 8 . 
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